The relation between cerebral lesions studied by computed tomography and the dementia syndrome has been evaluated in 40 patients with multl-infarct dementia, in 44 nondemented subjects with multiple infarcts, and in 30 controls matched for age and sex. Our study of the volume of ischemic lesions showed a slightly greater loss of cerebral substance in patients with multi-infarct dementia than in nondemented subjects with multiple infarcts, particularly in subjects with unilateral focal lesions and in patients with bilateral multiple cortical and subcortical lesions. The dementia syndrome was significantly associated with multiple locations of lesions in the thalamic and cortical areas supplied by the middle cerebral arteries. Moreover, patients with the dementia syndrome showed a significantly higher degree of cerebral atrophy than nondemented subjects and controls as evaluated by measurements of ventricular size, area of ventricular space, and area of subarachnoid space. (Stroke
Intellectual Impairment and Cerebral Lesions in
Multiple Cerebral Infarcts
A Clinical-Computed Tomography Study
Carlo Loeb, MD, Carlo Gandolfo, MD, and Gianni Bino, MD
The relation between cerebral lesions studied by computed tomography and the dementia syndrome has been evaluated in 40 patients with multl-infarct dementia, in 44 nondemented subjects with multiple infarcts, and in 30 controls matched for age and sex. Our study of the volume of ischemic lesions showed a slightly greater loss of cerebral substance in patients with multi-infarct dementia than in nondemented subjects with multiple infarcts, particularly in subjects with unilateral focal lesions and in patients with bilateral multiple cortical and subcortical lesions. The dementia syndrome was significantly associated with multiple locations of lesions in the thalamic and cortical areas supplied by the middle cerebral arteries. Moreover, patients with the dementia syndrome showed a significantly higher degree of cerebral atrophy than nondemented subjects and controls as evaluated by measurements of ventricular size, area of ventricular space, and area of subarachnoid space. 14 provide a reliable quantitative assessment of the relation between the clinical and pathologic findings by taking into account the volume of cerebral substance involved in demented patients and in normal elderly controls. 13 According to these studies, loss of cerebral substance of > 100 ml can lead to a dementia syndrome.
On the other hand, the brain of some patients with vascular dementia show a parenchymal loss of S50-100 ml. If loss of < 100 ml of cerebral substance in elderly patients can be accompanied by dementia, the validity of the quantitative criterion seems doubtful.
Studies establishing an indisputable relation between the site of a lesion and the dementia syndrome have not been available until recently. Some studies attribute great importance to the location of the vascular lesion in producing dementia. In particular, lesions located in the thalamus of the dominant hemisphere 1617 or bilateral functional impairment of both thalamic nuclei and the cortical areas supplied by the middle cerebral arteries 1819 seem to play a major role in causing the dementia syndrome.
In conclusion, aside from persons with a cerebral loss of > 100 ml, there are others in whom, on the basis of all pathologic investigations, no satisfactory hypothesis as to the possible cause of dementia can be put forward.
Our study aims at evaluating the possible relations between cerebral lesions studied by computed tomography (CT) and impairment of mentation in patients with multi-infarct dementia (MID).
Subjects and Methods
We evaluated 98 consecutive patients admitted to the Department of Neurology of Genoa University from January 1,1980, to December 31,1985, with evidence of multiple CT ischemic lesions. All patients underwent a routine laboratory assessment, including evaluation of thyroid function, determination of vitamin B 12 and folic acid levels, and somatic, neurologic, and psychiatric examinations, and were submitted to a dementia score, 20 an ischemic score (IS), 21 and a modified ischemic score (MIS). 22 All patients underwent CT scan, EEG, ECG, and Doppler ultrasonography.
The patients were considered demented when the dementia score, 20 part 1 (based on an extensive interview with the patient and the patient's family) was s 8 . IS of 5 or 6 and MIS of 3 or 4 were considered nondiscriminant to avoid overlapping of degenerative and multi-infarct dementia, thereby rendering the classification more flexible. After this selection, 40 patients with MID and 44 subjects suffering from The final degree of intellectual impairment was assessed on the basis of psychological tests, the set, Babcock tale, Corsi's block tapping, token, Wechsler adult intelligence scale (WAIS), and Wechsler memory tests. In 14 of 40 MID patients the psychological tests could not be performed because severity of the dementia syndrome prevented the patient's collaboration.
Thirty nondemented age-and sex-matched controls with no evidence of any cerebral lesion were also selected from patients of the Department of Neurology who had been admitted and who underwent CT in the same period. This control group included seven patients suffering from isolated ocular nerve paresis, two with ocular myopathy, one with cerebral aneurysm, two with senile tremor, four with cervical myelopathy, seven with syncopal attacks, and seven with reactive depressive disorders.
In every MID and MI patient, the following features were taken into consideration: 1) age and sex, 2) duration of the illness from the first focal cerebrovascular episode with neurologic sequels, 3) level of education (years of school completed), 4) vascular risk factors (hypertension, cardiopathy, diabetes, dyslipemia, cigarette smoking), 5) number of lesions, location in the dominant and nondominant hemisphere, vascular territories involved, and 6) CT scan evaluation of ischemic lesion volume, expressed in milliliters.
In the MID, MI, and control groups linear measurements of ventricular size, according to Albert et al, 23 and ventricular and subarachnoid spaces and parenchymal area, according to Yerby et al, 2 * were measured on CT images.
CT was done using an Ohio Nuclear A 25 scanner (Solon, Ohio), and the images were reconstructed on a 256 x 256 matrix. CT images were projected at x 5 magnification, and the contours of lesions, ventricles, brain parenchyma, and inner skull surface were traced on a Houston Instruments DT IIA Pad graphics tablet (Austin, Texas) with 0.1-mm resolution and entered into an Apple II E computer. An appropriate program gave the areas in square centimeters. Lesion volume in milliliters was evaluated by measuring the area of the different lesions in consecutive CT slices and multiprying these values by the thickness of the slice (8.3 mm). 25 Ventricular size was measured as maximal distance between the lateral borders of the frontal horns, width of the bodies of the lateral ventricles at their waists, maximal distance between the lateral borders of the occipital horns, and maximum width of the third ventricle. Each measurement was divided by width of the brain at the corresponding level to obtain four ratios of ventricular and brain measurements. The first three dimensions were multiplied together to estimate total ventricular size. 23 The ventricular, parenchymal, and subarachnoid spaces were measured on a single CT section through the level of the foramen of Monro. These included area obtained measuring the inner contour of the cranium, area obtained measuring the brain contour, area of the ventricular space, area of the subarachnoid space (inner contour of cranium minus brain contour), and area of the brain parenchyma (brain contour minus ventricular space). CT ratio was calculated as the area of brain parenchyma divided by the sum of the ventricular and subarachnoid spaces. 24 The MID group showed an IS of ^7 , mean ± SD of 10.2 ± 3.1, while the MI group had a mean ± SD IS of 6.5 ± 2 . 3 . The mean±SD MIS was 7.7 ± 1 . 9 in the MID and 7.3 ± 1.7 in the MI group.
Educational level was comparable in the MID and MI groups; the mean±SD years of schooling was 5.5 ± 3 . 2 in the MID and 6.1 ± 3 . 3 in the MI group {p = 0A).
Among the clinical features considered, the mean±SD duration of the illness was significantly (p = 0.02) greater in the MID (30.1 ±25.4 months) than in the MI group (18.6 ±19.3 months). The prevalence of both hypertension and cardiopathy and of associated hypertension, cardiopathy, and diabetes was significantly higher in the MID man in the MI group (p = 0.02).
The number of lesions was similar in the MID and MI groups. Twenty-five MID (62.5%) and 28 MI (63.6%) patients had two lesions, eight MID (20%) and 11 MI (25%) patients had three lesions, and seven MID (17.5%) and five MI (11.4%) patients had four or more lesions. The frequencies of unilateral and bilateral lesions were also similar in the MID and MI groups (unilateral lesions in five MID and seven MI patients), as was the frequency of involvement of the dominant and nondominant hemisphere (isolated involvement of nondominant hemisphere in two MID and five MI patients).
Neuropsychological tests showed significant differences between the MID and MI groups (Table 1) .
Volume and Linear Measurements
The mean±SD and range for lesion volume was 8.6 ±11.4, 1.46-45.21 ml in the MID group and 4.8 ± 6 . 2 , 1.17-35.24 ml in the MI group Q? = 0.06). The mean ± SD volume of the focal ischemic lesions was significantly higher in the MID than in the MI group among patients with unilateral lesions (9.7 ± 6.6 vs. 2.8 ±1.7 ml, p = 0.02), as well as among patients with multiple cortical and subcortical ischemic lesions (15.6 ± 13.9 vs. 6.5 ± 9.01 ml, p = 0.04) ( Table 2) .
Linear measurements of ventricular size showed significant differences between the MID and MI groups as well as between the MID and control groups; ventricles were significantly larger in the demented group [p<0.000001) (Table 3) . Similarly, total ventricular and subarachnoid space areas were significantly greater in the MID than in the MI 0 = 0.002) and control {p = 0.0003) groups (Table 3) .
Enlargement of the ventricular and subarachnoid spaces and, consequently, CT ratio discriminated between MID and MI patients (p = 0.0006); controls showed a greater CT ratio than either MI (p < 0.007) or MID patients (p<0.000001) ( Table 3) . CT ratio correlated negatively with age in the control (p <0.01) and MI (jxQ.01) groups and, less significantly (p<0.05), in the MID group. The differences in CT ratio between the MID, MI, and control groups remained unchanged after correction for the effect of age on CT ratio by means of analysis of covariance. 
Location of Lesions
The areas most frequently involved in our patients were the basal ganglia, thalamus, hemispheric white matter, and cortical areas, although in different associations ( Table 4 ). The dementia syndrome was significantly related to the combination of lesions of the thalamus with multiple cortical lesions (p = 0.004), whereas lesions in the hemispheric white matter prevailed in MI patients ( 001) 
Discussion
In patients with multiple infarcts, the dementia syndrome has been related to a pathologically verified loss of >100 ml cerebral substance.
12
- 13 However, the loss of cerebral substance in our patients with multiple infarcts turned out to be less relevant, ranging from 1.17 to 45.21 ml (mean±SD 6.59 ±9.19). Statistical evaluation of the lesion volume showed a slightly greater loss of cerebral substance in MID than in MI patients, although at a low significance level in the overall analysis (MID vs. MI, p = 0.06). Assessment of the relation between lesion volume and dementia seems to be particularly fruitful in patients with CT evidence of unilateral focal lesions (p = 0.02) as well as in subjects with multiple cortical and subcortical CT ischemic areas (p = 0.04).
Patients with MID differed significantly from MI patients, showing a more significant enlargement in ventricular size (p< 0.000001), in ventricular space (p = 0.002), and in subarachnoid space (p = 0.002). CT ratio, the ratio of brain tissue to nonbrain components, was much lower in the MID than in the MI O = 0.0006) and control {p < 0.000001) groups. On the other hand, CT ratio correlated negatively with age. Since our three groups were matched for age, a possible misleading effect of age in the statistical evaluation of differences in CT ratio can be confidently ruled out. In fact, correction for the age effect by means of analysis of covariance did not change the results. According to our findings, the degree of cerebral atrophy in MID patients is more relevant than aging alone.
On the basis of CT measurements, it could be surmised that when the lesion volume is < 50 ml, as in our patients, the dementia syndrome is significantly related to brain atrophy. Analysis of the relations between the dementia syndrome and locations of the focal ischemic lesions suggests that, in partial agreement with other studies, 16 
"
19 lesions of the thalamus associated with multiple cortical lesions are more frequent in multi-infarct patients with intellectual impairment than in nondemented patients with multiple infarcts.
In conclusion, different factors leading to the dementia syndrome should always be taken into account in patients with multiple infarcts. A loss of cerebral substance of > 100 ml, probably found only in autopsy cases, can certainly be considered a cause of dementia. 12 * 13 When, as is usually the case in clinical practice, the loss of cerebral substance due to ischemic focal lesions evaluated by CT is <50 ml, such a loss seems to act only as a concurring factor, except in persons with one-sided multiple lesions or with bilateral multiple cortical and subcortical lesions. On the other hand, in patients with CT evidence of multiple focal ischemic lesions the dementia syndrome seems to be significantly associated with brain atrophy and with multiple locations of the lesions in the thalamic and cortical areas supplied by the middle cerebral arteries.
